The recent adoption of GM crops resulted in a dramatic impact on the use of herbicides for weed control in Iowa. Particularly, glyphosate-resistant soybeans dominate the varieties that are planted and anticipated increases in grower adoption of glyphosate-resistant corn have resulted in the unprecedented use of one herbicide being applied to most of the row crop acres in Iowa. There are a number of important benefits for the use of glyphosate-resistant crops and the concomitant applications of glyphosate. The benefits that can be objectively established include broad-spectrum weed control, the consistency of weed control, minimal concerns for crop injury, and the low cost of glyphosate. Another benefit that is difficult to substantiate is the favorable environmental profile of glyphosate-based cropping systems. However, growers also tout as important benefits for the glyphosate-based systems the simplicity of weed control, the flexibility of application timing, and the ability to control large weeds. Significant risks are also a consideration of the glyphosate-based systems, and in fact several of the aforementioned perceived benefits could be better described as risks. The risks include the alleged simplicity of the glyphosate-based system, the selection pressure imposed on weed communities, pollen introgression of the glyphosate resistant trait into non-glyphosate resistant corn, and issues relating to application timing. One other consideration of the adoption of glyphosate-based technology has been the slowed development of new herbicides which may be needed to overcome the risks associated with the glyphosate-based systems. These benefits and risks, as well as the development of existing and new herbicides will be discussed in this paper. The corn and soybean herbicide effectiveness charts have been included as a reference.
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Introduction
The recent adoption of GM crops resulted in a dramatic impact on the use of herbicides for weed control in Iowa. Particularly, glyphosate-resistant soybeans dominate the varieties that are planted and anticipated increases in grower adoption of glyphosate-resistant corn have resulted in the unprecedented use of one herbicide being applied to most of the row crop acres in Iowa. There are a number of important benefits for the use of glyphosate-resistant crops and the concomitant applications of glyphosate. The benefits that can be objectively established include broad-spectrum weed control, the consistency of weed control, minimal concerns for crop injury, and the low cost of glyphosate. Another benefit that is difficult to substantiate is the favorable environmental profile of glyphosate-based cropping systems. However, growers also tout as important benefits for the glyphosate-based systems the simplicity of weed control, the flexibility of application timing, and the ability to control large weeds. Significant risks are also a consideration of the glyphosate-based systems, and in fact several of the aforementioned perceived benefits could be better described as risks. The risks include the alleged simplicity of the glyphosate-based system, the selection pressure imposed on weed communities, pollen introgression of the glyphosate resistant trait into non-glyphosate resistant corn, and issues relating to application timing. One other consideration of the adoption of glyphosate-based technology has been the slowed development of new herbicides which may be needed to overcome the risks associated with the glyphosate-based systems. These benefits and risks, as well as the development of existing and new herbicides will be discussed in this paper. The corn and soybean herbicide effectiveness charts have been included as a reference.
Benefits of glyphosate
There is little need to belabor the benefits of broad spectrum weed control, the lack of glyphosate injury to glyphosate-resistant crops, and the low cost of the multitude of proprietary and generic glyphosate products. (For a good overview of glyphosate products and cost comparisons, refer to the University of Illinois newsletter article "Price Comparisons for Glyphosate Products" http:// www.ipm.uiuc/edu/bulletin, 2005 issue l, article 8). Furthermore, while difficult to quantify, the environmental benefits associated with glyphosate use are also intuitively obvious. Increased adoption of conservation tillage and the resultant savings in soil erosion, fossil fuel, and time can also be considered indirect environmental benefits ascribed to the glyphosate-based systems.
Pseudo-benefits of glyphosate
The pseudo-benefits of glyphosate are primarily attributable to the grower belief that glyphosatebased systems are simple. While arguably, the grower-designated simplicity of glyphosate-based crop production systems can be defended from the perspective that only one highly effective herbicide is needed for broad spectrum weed control, objectively, the system is not simple from the point that growers must account for the highly intricate and variable interactions between weeds, crops, and the weather. In fact, growers base their designation of simplicity solely on the ability to kill weeds. This misguided premise overlooks the primary goal of weed management; the requirement to protect crop yields. Flexible application timing and the ability to control large weeds lulls growers into a false sense of security and often results in a poorly timed glyphosate application and thus lost yield potential.
While the fields may look clean at the end of the season, when applications are poorly timed, the weeds likely competed with the crop, whether corn or soybean, and thus reduced potential yield prior to the initial glyphosate application. Given the need for timely applications, and the inability to control the weather, which ultimately dictates when a sprayer can get into the field, growers must recognize that the perceived benefits of flexible application timing and controlling large weeds should actually be considered risks . Residual weed control, of some form , mitigates these risks and allows growers a better opportunity to protect crop yields. The use of residual weed control tactics should be considered an opportunity equally important in corn and soybeans.
Risks of glyphosate
An important risk of the glyphosate-based production systems is the selection pressure of repeated glyphosate applications has on weed communities. Recognize that all herbicides impart selection pressure resulting in economic changes in the weed communities. Importantly the probabilities of the selection pressure attributable to glyphosate resulting in evolved resistance is likely lower than with other herbicide technologies. It is assumed that the selection pressure from glyphosate-based systems on impacting weed population shifts would be similar when compared with other herbicides, however this assumption is based solely on anecdotal observations. However, consider the scope of glyphosate use across Iowa and the repeated applications in individual fields . Glyphosate opens many ecological niches when most of the weeds in a field are controlled, and accordingly, some weed will strive to fill the open niches. The new weed problem may represent the evolution of a glyphosate-resistant biotype or the establishment of a weed species shift where a weed that was previously not an economic problem becomes a factor. The evolution of glyphosate resistant weeds and weed population shifts will be discussed in greater detail in a companion paper.
The other important risk associated with the glyphosate-based systems, specifically glyphosateresistant corn, is the movement of the glyphosate resistance trait in the pollen to non-glyphosate resistant corn. This introgression of the trait results in an unanticipated GM crop which could impact marketing. The other issue is the potential for glyphosate-resistant volunteer corn and failure to effectively control the problem the following year in glyphosate-resistant soybeans. Many growers and agrochemical dealers are including a herbicide to control the volunteer glyphosate-resistant corn with the glyphosate.
Other consideratio ns of glyphosat e technology
While there may be other issues associated with glyphosate and glyphosate-based crop production systems, the slowed development of new herbicide products is, fairly or unfairly, attributed to the adoption of glyphosate-based systems. Historically, the agrochemical industry has always had new technology available when problems developed with existing and popular current technology. When issues and concerns began to develop with ALS-based herbicide programs, glyphosate technology was waiting in the wings. However, glyphosate-based programs have been so successful and have so completely dominated many important agrochemical markets; the agrochemical industry dramatically slowed the development of new technologies. Furthermore, it is the opinion of the author, than many companies downsized their agrochemical research and development groups such that it will be difficult for these companies to take advantage of opportunities which will invariably develop with the glyphosatebased production systems. Fortunately, in Iowa, where soybean and corn are the primary crops, older products still are registered which will prove useful as stop gaps to resolve the future problems that will develop.
••New" herbicides New herbicides can be described as those with new mechanisms of action, those that are new active ingredients but related to existing herbicide families, and existing herbicides that are newly formulated or combined in new prepackage mixtures. The discovery of new herbicide mechanisms of action is extremely difficult and costly. There have been few new discoveries and commercialization of new active ingredients with novel mechanisms of action. The commercialization of new products from previously known herbicide families, and the reformulation or prepackaging of existing products is more common. The following text is a partial list of new herbicides.
New active ingredients
The only new active that was evaluated in 2005 was KIH-485 60WG. This product has been under development by K-I Chemical USA, Inc. for several years. Initially investigated as a residual product in corn, however, there is some interest in further studies in soybeans. The specific chemistry and mechanism of action have not been publicized, but cursory observation suggests that it is different than existing products. KIH-485 has excellent residual properties at considerably lower application rates when compared to other chloracetamide herbicides (i.e. Dual MAGNUM). Recent evaluations of fall applied KIH-485 suggest that it compares favorably with other products. The weed spectrum is much broader than other chloracetamide herbicides. KIH-485 controls annual grasses including consist affect on woolly cupgrass and shattercane. KIH-485 also controls small-seeded annual broadleaf weeds but demonstrates a high level of activity on velvetleaf. No anticipated registration date is known.
New products and important label changes
Boundary from Syngenta Crop Protection, Inc. is now formulated as a 6.5 EC. The old Boundary was a 7.8 lb/gal formulation and it is anticipated that the new product should have improved storage characteristics.
Callisto from Syngenta Crop Protection Inc. is cleared for pre and post applications in sweet corn. NIS is recommended over COC with post applications due to greater crop safety with the NIS. Some varietal differences relative to potential for crop injury may exist and Syngenta recommends checking with seed company before making post applications of Callisto. Lexar and Lumax (which include Callisto as a component of the prepackage mixture) labels expected to be cleared for pre use on sweet corn before the 2006 growing season.
ET herbicide/defoliant has been evaluated in the Midwest for Nichino America, Inc. as an early postemergence herbicide in corn. ET is currently registered as a burn-down herbicide in corn and soybeans, and as a directed postemergence herbicide in cotton. ET is a PPO inhibitor (i.e. Reflex) and has activity on many small-seeded annual broadleaf weeds. It is anticipated that ET may be positioned as a herbicide to supplement glyphosate in glyphosate-resistant crops.
Gramoxone Inteon TM is a new formulation of paraquat that is registered as a bum-down product in corn and soybeans. The new formulation is reported to be safer and has a new "stench" agent thus better alerting applicators of the product. Impact 2.8SC is a new carotene inhibitor herbicide that AMVAC will be marketing in 2006. The active ingredient in Impact is topramezone which has a similar site of action as Callisto. Impact will be registered postemergence in corn for control of broadleaf and grass weeds.
Imperium is a generic prepackage mixture of EPIC and acetochlor (Doubleplay) that will be marketed by Gowan for weed control in corn.
Milestone from DowAgroscience is a new growth regular herbicide in the same chemical family as Tordon, Garlon and Stinger. Milestone is labeled for use in pastures, CRP, natural and noncrop areas and has excellent activity on weeds in the Composite (sunflower) family such as thistles. Importantly, Milestone has significantly shorter residual activity compared with Tordon and Stinger.
Propel is generic dimethenamid-P, the active ingredient found in Outlook marketed by Rosens. Use practices will be the same as Outlook.
Radius is a new prepackage mixture from Bayer CropSciences that contains Define and Balance. The ratio of Define: Balance is significantly higher than found in Epic.
Resolve from DuPont Crop Protection is a 25 % DF formulation of rimsulfuron (a component of Steadfast (nicosulfuron + rimsulfuron). Resolve provides short-term residual control of foxtails and certain broadleaf weeds. Currently Resolve is labeled for postemergence applications in corn up to 12" in height, but before weeds emerge unless glyphosate is included. DuPont anticipates a preemergence label in time for the 2006 growing season. Resolve does not have sufficient longevity to provide full-season control, and thus will need to be used in combination with other strategies.
Select Max from Valent is a new formulation of clethodim reported to enhance absorption of the active ingredient into plants (Inside Technology) . Select Max does not require additional adjuvants (other than AMS) when tank-mixed with a 'loaded' glyphosate product, and provides greater flexibility in additive selection when tank-mixed with other products. Synchrony STS from DuPont will be formulated as a 28.4% dispersible granule. The old Synchrony STS formulation was a 42% dispersible granule.
Syngenta Crop Protection Inc. anticipates a registration of a to date unnamed combination of Dual MAGNUM and Flexstar (4.32 :1) . The product will be registered for early preplant and preemergence for residual control of small seeded annual broadleaf weeds and annual grasses in glyphosate resistant soybeans. The soil application of this product will likely preclude the application of Reflex or Flexstar postemergence on the same acres.
Targa is a generic formulation of quizalofop (Assure) that will be marketed by Gowan.
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